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(54) ELECTRONIC AVALANCHE PHOTODIODE OF ABSORPTION/ MULTIPLICATION 
SEPARATION-TYPE OF HIGH GAIN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture and provide 
the electronic avalanche photodiode of the 
absorption/multiplication separation-type of a high gain with 
the mild condition of a low processing temperature by using a 
comparatively simple manufacture process from an 
inexpensive material, and to provide a photodiode with high 
sensitivity and high response speed which is especially 
suitable as a device used for an optical communication system. 



SOLUTION: The electronic avalanche photodiode of the 
absorption/ multiplication separation-type of a high gain is 
formed of a substrate, an absorption layer which is formed on 
the substrate and is formed of amorphous silicon germanium 
(a-Sil-XgeX:H), a multiplication layer which is formed on the 
absorption layer and is formed of amorphous silicon (a-Si:H), 
and an electrode layer which is formed on the multiplication 
layer and is formed of aluminium. 
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Sm^UT-'t'A (a-Sh-xGex:H, jt^Xli^UV^O 
±(cffij/££*t7=. ^ISli (a-Si :H) J: UttSflfttJI 

y-fs*-— k. 

[I3#JS3] qR«RJg*<. n + *-f ?3MUt«*l=Jltt 

*tifctcD-t?fesiff5}?« 1 xi* 2izfeiE0>&*M#a>[!a<te 

ISOBARS* * JftS-T £ C <t 1= J: o T ffiMS £ tifc =£, © 
-CfeSIS^S 1 7bM3<&^;h.*M=ffi«a>B*Jf3<©i!6llX 

«t?A (I TO, Indium-Tin-Oxide) T?&.58l;fcJS 27iM 

[81*416] IflSlSyjI/Vr^A (a-Sii-xGex: 
H) ©yyUV^^Ail^-^^gcTJXMA^ O. 4 8K1T 
t?fey. »S*<5 2 5nm71M8 2 0 nm ©Safest 7b 

1 7iM6©L^*l*M=ffi«©BipJ^©l»ltt/ltfS»f8iC 
[000 1] 

[SSBjOTHf -Sftfifrfl-S?] **H(£. Kn«a>««I/i| 

fc&o 

[0 0 0 2] 

•rJMTefctk *7 7-f /<-«*4<U»- 

K (avalanche photodiode : £L~F. APD<tB§^"C 



[0 0 0 3] tt*a>«^£*£*i:7*- h*f-f Kl*. 0IJ 
1984^(cCapasso. Fb ^Electronics Letters. B 
2 0#f1 SB6 3 5-6 3 7^-v(c96SLf=qR 

ft/»«»li*©«*a6C*z*t7* Hr-f^-— K (SAM 
APD, Separate Absorption and Multipl icat io 
n) . Xli1991^(cRavi Kuchibhot I adjournal of Li 
ghtwave Technology. H9§S7^-0)f 9 O 0~9 O 5 
^—zslzftm Lfc«^fc/=*l?* h^t-K (PIN 

APD) tjiHtftb&o LfrLtttf*. c*i£>fi. 
»Hfi\ l-VlilXli 1 1 l-V»<DK«3fl:*t»J: U f*6*u 

*ib(DSit^p-tzx. «x.ii»^*axe*^-> (mb 

E, Molecular Beam Epitaxy) XliSJtflx tf £ * v 
(LPE, Liquid Phase Epitaxy) ft<frfty Vltttfc 

[0 0 0 4] 1990^|cJ.W.Hong&rt<IEEE Transac 

tions on Electron Devices. % 3 7 8 -^-(Dlg 1 8 
0 4-1 80 9 ^— vicsm Ly=lt2SS3t**t*4(*Sffi 

tz % S. B. Hwang IEEE Transactions on Electron Dev 

ices. nAomnmm 21-72 6^— s?i=a«L 
fcsi£»Bta**t»i*. »w-aa«<4<, i*;u* 

u*t. mm. BB««t«*ftfift7thy-f*- 

[0 0 0 5] 

Eft?* h^V*- K. &lX*(Dfi5t(cj3l+-&HH*» 

JUL, *ana*i=€kor«Jt**ifc«*ft«*i^^ h 

^gS^"^C<b:lcJ:oT. BBS3S (Dark Current) 
M-r^<t^{c. 3fe^Ji#fit^rS]-t-r^o **Mlc**iEfl. 

li. 16/fC;Uh (V) tD/NWTX^EE<b^l4/\ 0r 7— 1 
HW(D»*-e. 6 8 eictltsot?, 



(3) 



4* US 2001-127336 



[oooe] -r*t?%. *&B^f*. *«»Q«Mx/«M* 

(a-Sh- X Gex:H) £ tj teS&iRB* % »RiKJ|±(=»A 
Sflfc. MKM (a-Si:H) «fc U R* 

«B±ic»j***ifc««B* «rr a c ± £$$ta<tir 
mmqzmit. n+*-r :?#ftji«*i=»tt (intr 

insic) (D#aHa*y^v^«5A*Kfc«LaJI-r*c 

iibtf-f>yOA (I TO, Indium-Tin-Oxide) T?fc 
*o WIB#»WS*^U"*=.«5A (a-Sii-xGex: 

h) (Dfi^-^MKmi-^mwoxmt. o. 4 8&t 

jfc^S 2 5nm7!iM8 2 0rim(7>*fe:ftfr£**m£ Rib 
f*. 0. 0 5-0. 4 5.*$|C[£0. 10-0. 4 0A< 

&mit. KfiO)««ttK4b«B (i TO) »Ka>±|c. « 

[0007] )aTic. MasstiLt^BU^y 

[0 0 0 8] 

[*^a>HJE(7)©«] **wa>APD(i. iaTc7>cfc5ic 
Lto< Z^ttfVZ&o ^<6g£<b-T-f 

^^XTSft^b^^USg (Plasma-Enhanced CV 
D) vX^Alc-try hi, railn. n + -a-Si : H / i-a-Si 
1-XGex:h\/ n + -a-Si:H / i -a-S i : H / p + -a-S i : HC0 5 fi 

MffL-tZo attic. MiLTl»«MlCcfcoT7^5 

ia»i*ic mm. 

til. «8ldrftH)liatJl«)»tt-r«j£«a)>^^«ffi 
■To **Ma>APDa>BLL^aB«a(D»fBA:*»a>II 
*t«a«i:Hli:*Lfc. 

[0 0 0 9] APDf/U ^oSit^p-tx (#]*_(*. 

pecvd) [easier. aasa^JE*tKjaaBasta> 

(1 ). i-a-Si:HS-«ft-r*«6-. 2 5 0°C. 1 Torr. 5 
OWatt 



(2) i-a-Sh-xGex:H£/£:R-f 2 5 0°C. O. 

5 Torr. 4 OWatt 

*fc, tft&m<DlSxlt. SiH4(25% in H2)t. S i H4 (25% 
in H2)+GeH4(47.8% i nH2> * JBUvhtfcfclV, -tti-ftUD 

Ba)H*ii«SiSSi=<fcor*jffli-e^^o «xtf. i-a- 

Sh-xGex:HO)lt»a*(*160A/inin. i-a-Si :H(Di£a& 
S(*60A/minSfflA<»*L^« *fc. n + -a-Si :HXf£p + - 
a-Si:H***St*«»*M\ rtMOifXiLtMili 
SiH4+PH3*^f*ffl^T«»<D*aT?ff5 Ct*<T?* 

6 o 

[0 0 10] i-a-Si 1-xGex : H#£*i|ffl-r &SSli. * 

l. ^tiic € fcorAtt^^?RiixLr5 , ca^*^i:. acta 

■T^o *fc. i-a-Si :H£iaftB£LT#]fflT£3I4li. 

£ft±-r& 0 i-a-Si 1-xGex : H<DX{ii£^H 

t**©aft <*H=l*. fcf— £n>hP-;u-T 

[0 0 1 1] **BHlc»a&5EfLA»aO)»i|X/19f&» 
»SMKP**:*t7* h*-f *- KO^BJHS*. 0 2£ 

JT-Xtlio Poisson*a^&»^*«fe3(c. 
^/\V7XlEA<i-a-Si :Hlc9]Jn*j|t-ci^« * L 
r. fft(»-SKD/\VTXBIE?b<i-a-Sii-xGex : HBlcm 
ttl*Jh/Cl*4o AH^Ii^XMlctyA^ i-a-Si 
1-XGex:Hg ("Tttsbft. fflMXB) ici&ite^tiTaT - 

*U jEfl.r*fiBffiJc«gi**fC. i-a-Si :HB 

St. IEnA<p + -a-Si:HB^^L. BB»I=, B^A<n + - 
a-Si:HB^»ffr*o :<D cfc 5 irST- ■ iE?L^7£± C 
fc*. »«LfciETL^«JRB<fey«l«B^aA**L«C 

S^cPffH^* h4f^f*— K (SAM APD) tftZ 

(1) «JHttBa^P-b^i:«naax h^Jltt^^ 

A (flJa.fi* PECVD) i>X^A^fiJ^-r^ci:/)<-C: 
#^> 0 ^(Dtztb. itKWe^Sffi (2 5 0°C) 7*M 
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(2) */ ^Oa-Si :mtz& oTitte 

(3) ffix^U^— ^^-y^O>i-a-Sii-xGex = H*tlc«fc 

(4) i-a-Sii-X^ex : HOXfl^^M-T^C^lc^o 

x^mom^tizmm-f^z tafias ^s> 0 »rr*a*a> 

[0 0 1 2] 

[HJfe#J] PECVDgg$ffll>t, lESfSMSt 

n + -a-Si : H/Ktt(D#SHa*^UVx«5Ai-a-Sii-x6e 
x:H/*m* n + -a-Si :H/JtttO>MK&Xi-a-Si :H/ 
*a»a*p + -a-Si :H(DJg*imic*r^xSffi<7>^^^ 

i-a-Sii-xGex:H0>X«S«x.IiO. 31= L* fro 
i-a-Sii-xGex:HJi<7)jl^$ltliiiJtl=c*:oT7 0 0 0 A 
(clHWrfto *fc. i-a-Si:HJB(Z>Ij** 4 2 0 AI=«JW 

iSc^tifcji(7)»r®«ii*mxeM(cigi|c^^- 0 A£c<£ 
S^fc*:*i:7*- h^-f^— KlcRBWLT. B3 (a) l= 

fco *frt*\z. 0 3 (b) f=^-r*9c=«*a>**« 

(a) St/ (b) fti&H#a>?'r4-— Ka>HI=(*o#y L 
fcitffeS^ir^So B3 (a) icfil^r. in 

/W7X«EE (V) *sfU HW*I***HB»Lr»6*t 

fcft»3st <mA) s^-To zoytmm'Sr?— 

It. ±^bTA 1 0 0. 5 0. 2 0. 1 OSt/5 /i WT? 

fey. 03 (b) Citeo/iW (MHtt) 0>3£3I CTftJb 
*>. BtVaffi) 69LTl*«. *fc. JttftlHM=JllL*fctt 

g*g(7>i TO»IBl=* p + -a-Si:H (4 5 0 A) . i-a-Si 
1-XGex^H (7000-1 1000 A) . n+-a-Si :H (4 
00A) MlSd:Lr7^5-^A (5000A) £ 

■hum* mmLtzP i n apd^l^; 0 *fc % m 

***jtraiw*lTor»&tifc*«»tt (Hit) fc* 
bis*/*?- (titH) ta>iB**w-rt.<D-t?a6« 0 are. 



AWflMI (G) It. ftrt 

G= [ Op-Id ) /q] / (Pin/hi/) 

r^g^ti^fi-efe^o st** i p tt*«iatT(=*5«t* 

fifefcfcpfcllaft (photocurrent under illumination) . Id 
liflfiBSffL q I&W. z £<DWGj (electron charge) . Pj n 
itltm^'tr?— (incident light power) . f Lthi/ 
I* A8f3fcx;Jwu^f— (energy of the incident radiati 
on) SStc B4^6. *^B^ (a) a>*«»ttl*. 

*<D««**:*l?* h K (PIN A P D : 

(b)) J:y**L^t*<»^4. Wl=. ftHMt/W-tf 
1 /iW. |;W7XiE4<1 6V©»^ *^BJ07fe^j 

Wtt(*6 8 6l:tILfc 0 *JSWa>jEaAWaa>«MX/ 

[0 0 13] H5li, 5fcBStJ/^— 1 jiw«=*jit4HMn 
/^7XlEt»Jil<tO)SM*ttMftl)o H 

■fiE0>JMlOI*Jttttt£*Lj| <i-a-Si:HB) l=»*tt«#i 
#fflO>«±tRillL. 3fcS;Titf>if;*:. ST/*fiJ^fi(^>|S3 

»£(DM«*^-f tares y. aiftrf aft^vrxSGE 

b. i6(DSItf- *fr£#fr&<fc?(=* fi/\V7Xi 
J±1 6V(Di»fi\ BS«3SA<2 5/i ALW<, A 
ggS*/^«7— 1 /iWMt/\V7XiE1 6 V(7)3M*T-rj 
*«»tt*<6 8 6lCtHi6e>*L* (B4#I) <D-e. * 

[0 0 14] i-a-Sh-xGex:H<DX{i£3£M-f £c£l=<fc 

or. x*;u*-^v^^*sai=*ni-e#. K«:«at 

-Ib-r^xt. ^(7>X^^7 hJKDQ&ilXtf— ^2ft*0>ttl*5 2 
5-8 2 0 nmlCft4Z^3!)<Bft&*lfco X = 

O. 3 (D»^(DlRittX^^ h;U<D««i: Bl£(7)3iaS* 
■nU-Tifey. C<D£#<D«J|Xt?— *tef*7 OO nm (* 

fe^) -rjfe^o ■8i=eMjKmKerTofeim«s 

"To f^HK^Sfi&cfcdl::. |/\V7XIE1 4VtP 
- Kfgfit 1 4 kQOft^ Ji#^Fb1 <*A»»0>fCS 
B$RH) 1*143. 5/isecT?fcy. RT^fel (ftiHBr» 
0>j£§B#flf]) (*3 8 5. 5/isecT*fe^o ^^3. CSS^ 

■efe^o 

[O O 1 5] 

fi3c^^/=T/< : 7>vzL^^ h^t-K (APD) T*fe 
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(Bu^«i3iajt-ca3fr*-i:A<t?#. sic. **woa 

tf ?g/ W 0 x -< & <*f<D5fciHI vX t- A ffl in & \V X 
[IS 1 ] *«MO)B«»a)«iS/lt«»«aa>«^ «: 

/ftl?* h^-f K(S AM A P D)(7)^ll©T®^ift 
[0 2] *^0SAM APD0)i^;^-w<i:I 

» t * <d&m mm £ *r «xt b t? fe & . 

(a) li#J6W<D]EHA»*a>S AM 
y. (b) l*m*j£<D P I N APD^Mo 

[134] *»SAM APD (a) t&L*j£P I 
N APD (b) 4:(D*HI»/<9— l=»J6-r«3Ht«»« 



[0 5] *»SAM APD<Wfe?l]»«£flA-f 
7 X m JE £ <Z> M % £ ^ *T? fe £ o 

[0 6] WJ(DSAM A P DCOBSSaa^m/^ T 
X IE t <DM& £ ^"T El V fe & o 

[H7] *»SAM A P DO^teX^ h)VO 

[i8] *^B|(DSAM A P D(7) s I/\V7X|E 

1 4v(cfcit^> % js§B#p B i£^-riii-efc£o sin 
1 e^y (i 1 o o ;usec. tKM 1 gay r* 1 oomve 

fc&o 

1 TJUS^OAJ! 

2 p+-a-Si:HJI 

3 i-a-Si :HJg 

4 n+-a-Si : HJg 

5 i-a-Sii-xGex:HH 

6 iHbf r-f >vf A ( I TO) IB 
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